General esterases activity in the different body tissues of adult females of 2-day and 13-day-old Schistocerca gregaria (Forskal) were measured spectrophotometricaly and carboxylesterase and phosphotriesterase were characterized by electrophoresis method. Esterase activities were studied in the tissues of brain, fore-, mid-, hindgut and ovary of the two ages in the presence of α-naphthyl acetate as a substrate and ethylenediamine tetraacetic acid (EDTA) and profenofos as inhibitors. Spectrophotometric analysis indicated that the esterase activity in adult S. gregaria tissues was significantly higher in the tissues of mid-, foregut, ovary and brain of 2-day-old females than those of 13-day-old, respectively. Meanwhile, the activity was greater in the hindgut tissue of 13-day-old females than in 2-day-old ones. Nondenaturing polyacrylamide gel electrophoresis revealed differences in isozyme composition. Three to ten esterase bands were detected in the different body tissues of the two ages of adult females. These bands were characterized as phosphotriesterase and carboxylesterase by using the two inhibitors. Bands Est-1, Est-2, Est-3 and Est-6 were found to be carboxylesterase in the different tissues, while band Est-4 was only detected to be phosphotriesterase.
INTRODUCTION
Esterases are classified as hydrolases, a large and diverse group of enzymes that catalyze the hydrolysis of a wide range of aliphatic and aromatic esters, choline esters and organophosphorous compounds (Dauterman, 1985) .Esterases act on molecules that are completely dissolved in water, hydrolyzing carboxylesterases into alcohol and carboxylate. They may break down cholesterol and are important in the resistance to insecticides and plant secondary substances (Klowden, 2007) .
Phosphotriesterase enzyme is a monomeric, spherical protein having a molecular weight of 39,000. A single zinc atom is bound to the enzyme and is required for catalytic activity. Incubation with metal chelating compounds, o-phenanthroline, EDTA, or 2, 6-pyridine dicarboxylate inactivate the enzyme (Dumas et al., 1989; Horne et al., 2002) . Carboxylesterase is well investigated with regard to its importance in organophosphate insecticide resistance in various pest species. Recent studies suggest that elevated esterase activities (as measured with α -naphtyl acetate) are associated with resistance to organophosphorous insecticides (Zhao et al., 1996) and are correlated with frequencies of profenofos resistance (Harold and Ottea, 2000) . The level of insect esterase highly variable depending on the life stage, sex, tissue, hormones, strain, food , environmental conditions and numerous other factors (Devorshak and Roe,1999) . Generally, studies of phosphotriesterases in invertebrates such as insects are very limited, probably a consequence of low activity of 136 phosphotriesterases in these insects (Guedes et al., 1997) . On the other hand, carboxylesterases also appeared to be the predominant enzyme in most tissues of many insects (Kapin and Ahmad, 1980; Park and Kamble, 1999) . Therefore, this study was under taken to determine the esterase activity in different body tissues at different ages of adult female Schistocerca gregaria and to detect carboxylesterases and phosphotriesterases in these tissues.
MATERIALS AND METHODS

Insects:
Colony of Schistocerca gregaria (Forskal) (S.gregaria) was reared on a diet of green leaves of clover (Trifolium alexandarium) at 28-34˚C, 40-50% R.H. and daily illumination of 12h as described by Tawfik et al. (1997) . Newly enclosed adult females were removed for dissection of tissues at ages 2 days + 6hrs and 13 + 1 days.
Dissections
Ten adult of sexually immature (2-day-old) and mature (13-day-old) females S.gregaria were dissected in 1.15 M KCl to obtain the following tissues: brain, foregut, midgut, hindgut and ovary. Guts were cut, open and undigested food and fecal materials were expelled. All discrete organ systems were of high degree of purity. All tissues were stored overnight in 1.15MKCl at 2 +1˚C.
Homogenization and centrifugation
Tissues were drained of KCl solution and rinsed with 0.04 M phosphate buffer, pH 7.0. Rinsed tissues were then homogenized in 5ml of phosphate buffer for 3min in an iced-chilled glass homogenizer. The homogenates were transferred to glass centrifuge tubes (10.2 cm) and spun at 1200 g for 20 min at 4˚C. The 1200 g supernatants were used directly as enzyme source.
Protein determination:
The protein concentrations of tissue supernatants were determined by the method of Bradford (1976) using crystalline bovine serum albumin as standard.
Enzyme assays:
Total esterase activity was measured according to Mostafa et al. (2003) with some modifications. α -naphtyl acetate (C-2) was used to measure the substrate specificity.
The interaction of esterase enzyme with an insecticidal substrate (profenofos and EDTA 1x10 M each) was studied.
Electrophoresis:
Nondenaturing native polyacrylamide gel electrophoresis (PAGE) was done according to Mostafa et al. (2003) .
Detection of carboxylesterase and phosphotriesterase:
This was accomplished by the use of two inhibitors: profenofos, inhibitor of carboxylesterase and EDTA (ethylenediamine tetraacetic acid) inhibitor of phosphotriesterase. Each gel was incubated in the same buffer containing 100 µl of each inhibitor solution for 30 min at room temperature before starting the reaction with substrate. Gels and cellophane membrane were placed in the drying solution containing 0.3 % glycerol and 20 % methanol, and the fixed gels were dried between 2 sheets of filter paper in a gel dryer. An image of the dried gel was carried out using Epson GT-9500 scanner then transferred into an image analyzer Phoretix 1D Quantifier to integrate the gel data.
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RESULTS
Enzyme activity:
Figure (1) showed that esterase activity in all of the five tissues of the two ages of females examined. Analysis of the specific activity data showed the presence of significant variations in the different tissues. Most noticeable was the high specific activity of the hindgut tissue enzyme followed by the tissues of mid-, foregut, the ovary and the brain of the 2-day and 13-day-old of the adult females. The tissue distribution given in Figure ( 1) was computed from total protein content of tissue supernatants and their specific activities. Spectrophotometric analysis indicated that esterase activity was significantly higher in tissues of mid-, foregut, ovary and brain of 2-day-old females (21.24, 14.5, 13.85, and 7.39 µmol/min/mg protein, respectively) than those of 13-day-old ones (16.1, 7.53. 5.62 and 5.10 µmol/min/mg protein, respectively). Meanwhile, it was greater in the hindgut tissue of 13-day-old females (41.3 µmol) than that in 2-day-old ones (38.71 µmol).
Figure (1) indicated that α-naphthyl acetate esterase activity in the brain, fore-, mid-, hindgut and ovary tissues of the 2-day-old females were strongly inhibited by EDTA (inhibition percentage: 73.75, 74.5, 67.66, 67 .66 and 76.9%, respectively) and profenofos (inhibition percentage: 77.54, 68.3, 70.34, 67 and 72.78%, respectively) . While, in the 13-day-old females the esterase activity in the brain, fore-and midgut tissues was partially inhibited by EDTA (59.61, 41.57, and 51.56%, respectively) and profenofos (57.25, 40.24, and 49.5%, respectively).
In contrast, the α-naphthyl acetate esterase activity in the ovary and hindgut tissues of 13-day-old females was strongly inhibited by the two inhibitors (74% and 88.43% for EDTA respectively; 63.88% and 91.43% for profenofos, respectively). of 2-days and 13-days old adult females Schistocerca gregaria using -naphthyl acetate as a substrate and EDTA and profenofos as inhibitors by spectrophotometric assay.
Gel electrophoresis:
Esterase isozyme analysis with native polyacrylamide gel electrophoresis revealed 10 bands in the brain of the two ages. These bands were designated as 1-10 according to their mobility. Est-1 was the slowest migrating band and Est-10 the fastest. Tissues of the 2-day-old females have Est-1,6,7,8 and 9 in the foregut tissue, 6, 7, 8 and 9 in the mid-and hindgut tissues, while ovary tissue exhibited 6, 7, 8, 9 ,10 and 3 specific isozymes designated as a, b and c . In the 13-day-old females Est-7, 8 and 9 were dominant in the foregut tissue, Est-7, 8, 9 and 10 were dominant in the midgut tissue and Est-4, 6, 7 and 9 were dominant in the hindgut tissue. On the other hand, the 13-day-old females characterized by the appearance of two newly isozymes in the ovary tissues, Est-1 and Est-4 in addition to the dominant isozymes 6, 7, 8, 9 and 10 with the disappearance of the specific isozyme esterase c (Fig.2) .
Detection of carboxylesterase and phosphotriesterase:
The sensitivity of esterase bands to different insecticidal substrates was evaluated visually according to their stain density. Bands inhibited by organophosphorous compounds (profenofos) were classified as carboxylesterase, those inhibited by EDTA were grouped as phosphotriesterase.
Incubation of the tissues homogenates polyacrylamide gel of the two ages in EDTA resulted in complete inhibition of band Est-4 in the brain of the two ages; tissues of hindgut and ovary of 13-day-old females. Incubation of the gel with profenofos caused complete inhibition for bands Est-1, Est-2, Est-3 and Est-6 in the two ages of the brain; Est-1 and Est-6 in the foregut tissue; Est-6 in the midgut tissue of 2-day-old females and Est-6 in the hindgut tissue and ovary of the two ages of the females (Fig.2) . According to the previous classification, band Est-4 showed properties of phosphotriesterase. Bands Est-1, Est-2, Est-3 and Est-6 were found to be carboxylesterase.
DISCUSSION
In the present study, spectrophotometric analysis indicated that the esterase activity in adult S.gregaria tissues was significantly higher in the mid-, foregut tissues, ovary and brain of 2-day-old females than those of 13-day-old, respectively. Meanwhile, the activity was greater in the hindgut tissue of 13-day-old females than in 2-day-old ones. This result was in good agreement with those of Lymantria dispar L. by Kapin and Ahmad (1980) . They stated that elevation of the esterase activity in the early days of development is correlated with the increasing rate of food consumption and growth and maturation of adult females. Contradictory results by Pruett et al. (2000 Pruett et al. ( , 2001 on the horn flies, presented that the general esterase activity increases with aging and that newly emerged flies have a much lower level of general esterase activity than do more mature flies.
The specific activity of esterase in hindgut tissue of the two ages of S. gregaria was high followed by that in midgut tissue. The esterase activity may be primarily due to carboxylesterase as mentioned by Hendry et al. (1975) . They stated that the role of esterase in the hindgut tissue is unclear, but since the hindgut tissue plays a role in excretion, it is conceivable that the carboxylesterase is involved in the hydrolysis of metabolically inert and undesirable esters. The elevation of the esterase activity in the hindgut tissue might be also attributed to the presence of bacteria in the gut locust. Dillon et al. (2000) proved that guaiacol, a key component of a pheromone derived from locust faecal pellets that promotes the aggregation of locusts, is produced by bacteria in the locust gut. Moreover, this elevation might be due to the absorptive function of the hind gut, where Nation (2002) stated that the fate of enzymes is not known, they are rarely found in the hindgut lumen, although no inhibitors are secreted Esterase activity and detection of Carboxylesterase and phosphotriesterase in desert locust 139 by any region of the gut or Malpighian tubules probably they are absorbed in the hindgut tissue.
The high concentration and specific activity of the esterase in the midgut raised the question of the functional role of this enzyme. It was believed by some investigators that in insects, the midgut esterases were involved in the absorption / digestion of dietary lipids (Kapin and Ahmad, 1980) . Park and Kamble (1999) assumed that the main fraction of the total esterase activity in the German cockroach exists in the midgut because of its digestive function. Nevertheless, midgut esterases play a role in insect resistance to insecticide (Whyard et al., 1994) and to allelochemicals (Lindroth, 1989) .
The specific activity of esterase in ovary of S. gregaria was high at 2-day-old females than at 13-day-old ones. The esterase activity appeared to be primarily due to carboxylesterase.
Native polyacrylamide gel electrophoresis is a valuable technique in the study of insect esterases and insecticide resistance. Esterase isozyme patterns after staining for enzymatic activity can be compared with each other to detect the activity of esterase in the different tissues. Moreover, the characteristics of each esterase isozyme can be determined by the addition of specific inhibitors in the process of enzymatic staining of gels. In the present study, comparison of esterase isozyme patterns between the different tissues and the two ages revealed that, 10 different esterase bands stained with α-naphthyl acetate were detected in the brain of 2-day-and 13-day-old adult female S. gregaria. Five different bands were detected in fore-, mid-and hindgut tissues and 9 bands in ovary of 2-day-old adult females S. gregaria. In 13-day-old adult female, the number of bands decreased to 3 bands in foregut tissue, 4 bands in mid-and hindgut tissues; while it increased to 10 bands in ovary. These results are in agreement with Ruvolo-Takasusuki and Collet (2000) . They observed differences in number of zones of esterase activity depending on the tissue, age, sex or phase of the development in African honey bees, Apis mellifera. The present work indicated also that isozymes 7 and 9 are common to all tissues while, a and b are specific to ovary and isozyme c is specific to the age of ovary. Shaurab et al. (1999) found that 6 esterase bands were capable of hydrolyzing α-naphthyl acetate in three ages of Spodoptera littoralis. Two of them were detected in the ovaries of the three physiological ages studied.
In the present study the specific inhibitors (profenofos and EDTA) were used to detect the carboxylesterases and phosphotriesterases at the different chosen tissues. Caroxylesterases were observed to be the dominant in the brain, fore-, hindgut tissues and ovary of the two ages and midgut tissue in 2-day-old females, while phosphotriesterases were detected only in the brain of 2-day-old adult females and hindgut tissue of 13-day-old adult ones. Both the carboxylesterases and phosphotriesterase were detected in the brain tissues of 2-day-old and 13-day-old adult females suggested the possibility that the esterases in the brain might play an important role in insecticide resistance of S.gregaria as mentioned by Park and Kamble(1999) on Blattella germanica. Rooveldt and Tawfik (2005) also demonstrated that phosphotriesterase from Pseudomonas diminuta is an extremely efficient metalloenzyme that hydrolases a variety of compounds including organophosphorous nerve agents. On the other hand, the occurrence of both carboxylesterases and phosphotriesterases in the ovary tissue of 13-day-old and the presence of carboxylesterases in 2-day-old females might explain the correlation between ovarian maturation and occurrence of esterases as mentioned by Krishnamurthy and Umakanth (1997) and Shaurub et al. (1999) . They may be also regulating the juvenile hormone titer as mentioned by Chapman (2002) who stated that the hemolymph usually contains a number of esterases. One of their functions is to regulate juvenile hormone titer. Forever, further studies are needed to classify the esterase of ovary and to detect the principle role of the esterase in the ovary maturation.
